S100A8/A9 in cancer (6, 7) . In line with these functions, phagocytes reportedly express S100A8 and S100A9 under multiple inflammatory conditions, i.e., inflammatory bowel disease, rheumatoid arthritis or allograft rejection (8) (9) (10) , whereas numerous pathological conditions associated with inflammation in humans are associated with elevated S100A8 and S100A9 levels (11) . Furthermore, the inflammatory factors interleukin (IL)-1, interferon (IFN)-γ and tumor necrosis factor (TNF)-α induce the expression and secretion of the S100A8/A9 heterodimer (12) (13) (14) . It has been shown that the release of S100A8/A9 from monocytes during the inflammatory stimulation takes place via an energy-dependent pathway involving protein kinase C activation (12) . Circulating calprotectin may be involved in inflammation by enhancing CD11b expression in human monocytes and by participating in the transendothelial migration mechanism, thereby contributing to an accumulation of monocytes at the site of inflammation (15) . During the progression of inflammation, due to the generation of reactive oxygen species and the synthesis of nitric oxide, irreversible oxidative modifications of S100A8/A9 may affect its functions (16) . S100A8/A9 also serves as a regulator for NADPH oxidase (NOX) and may facilitate its activation to increase reactive oxygen species generation. The heterocomplex S100A8/A9 also interacts with heparin and heparan sulfate glycosaminoglycans, the receptor for the advanced glycation end product (RAGE), the scavenger receptor CD36 and the toll-like receptor 4 (17) . Moreover, by sequestration of zinc, calprotectin is able to regulate many important processes in the body. It has been described that calprotectin inhibits matrix metalloproteinases, zinc-dependent enzymes that are important in angiogenesis and inflammation (7) .
Visceral adipose tissue (VAT) is an important initiator of the inflammatory response in obesity because of its ability to produce and secrete a variety of proteins involved in the development of obesity-related derangements (18) . Because calprotectin has emerged as an important mediator of chronic inflammation (19) , the aim of the present study was to determine gene expression levels of the S100A8/A9 complex in VAT together with circulating concentrations in healthy control subjects, obese normoglycemic (NG) individuals and obese patients with type 2 diabetes (T2D). To gain insight the molecular links, the relation of calprotectin with key genes and circulating proteins involved in inflammation as well as the effect of TNF-α in human adipocyte culture was further explored. To corroborate the functional relation between obesity and inflammation, the present study also analyzed the effect on plasma calprotectin concentrations of Roux-en-Y gastric bypass (RYGB), an intervention with proven weight loss and antiinflammatory effects.
MATERIALS AND METHODS

Patient Selection
To analyze the effect of obesity and T2D on the concentrations of calprotectin, 53 females were recruited from healthy volunteers and patients attending the Departments of Endocrinology and Surgery at the Clínica Universidad de Navarra. Patients underwent a clinical assessment including medical history, physical examination, body composition analysis and comorbidity evaluation by a multidisciplinary consultation team. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters, and body fat (BF) was estimated by air-displacement plethysmography (Bod-Pod ® ; Life Measurements, Concord, CA, USA) (20) . Waist-to-hip ratio (WHR) was measured as the quotient between the circumference of the waist (at the midway level between the margin of the lowest rib and the iliac crest) and the hip (at the widest trochanters). Obese patients were further subclassified according to the established diagnostic thresholds for diabetes (NG: fasting plasma glucose concentration <100 mg/dL and plasma glucose <140 mg/dL 2 h after an oral glucose tolerance test [OGTT] ; T2D: fasting plasma glucose >126 mg/dL or plasma glucose ≥200 mg/dL 2 h after OGTT) (21) . T2D subjects were not on insulin therapy or on medications likely to influence endogenous insulin levels. Furthermore, gene expression levels were assessed in VAT in a subgroup of subjects (n = 29). The samples were collected from patients undergoing either Nissen fundoplication (for hiatus hernia repair in lean [LN] volunteers) or RYGB (for morbid obesity treatment in obese subjects) at the Clínica Universidad de Navarra. Both interventions were carried out via a laparoscopic approach. Tissue samples were immediately frozen in liquid nitrogen and stored at -80ºC for subsequent analyses. In addition, a group of 26 obese female patients was selected to investigate the effect of weight loss achieved by RYGB (after a mean of 13 months) on circulating concentrations of calprotectin. The study was approved, from an ethical and scientific standpoint, by the hospital's ethical committee responsible for research, and written informed consent of participants was obtained.
Blood Assays
Plasma samples were obtained by venipuncture after an overnight fast. Glucose was analyzed on the basis of enzymatic spectrophotometric reactions by an automated analyzer (Hitachi Modular P800; Roche, Basel, Switzerland). Insulin was measured by means of an enzymeamplified chemiluminescence assay (IMMULITE ® ; Diagnostic Products, Los
Angeles, CA, USA) with intra-and interassay coefficients of variation of 4.2% and 5.7%, respectively. Insulin resistance and sensitivity were calculated using the homeostatic model assessment (HOMA) and quantitative insulin sensitivity check index (QUICKI) indices, respectively (22, 23) . Total cholesterol, highdensity lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol levels were calculated as previously described (23) . Uric acid, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, γ-glutamyltransferase and creatinine were measured by enzymatic tests (Roche) in an automated analyzer (Roche/Hitachi Modular P800). High-sensitivity C-reactive protein (CRP), fibrinogen and von Willebrand factor (vWF) antigen concentrations were determined as previously reported (23) . Leptin was measured by a double-antibody radioimmunoassay method (Linco Research, St. Charles, MO, USA); intra-and interassay coefficients of variation were 5.0% and 4.5%, respectively. Adiponectin was determined using a commercially available enzyme-linked immunosorbent assay kit (Biovendor, Heidelberg, Germany), with the intra-and interassay coefficients of variation being 6.7% and 7.8%, respectively. Calprotectin and the soluble RAGE (sRAGE) levels were assessed using commercially available enzymelinked immunosorbent assay kits (R&D Systems Europe, Abingdon, U.K.) according to the manufacturer's instructions. The intra-and interassay coefficients of variation were 3.7% and 6.5%, respectively, for the former and 5.7% and 7.7% for the latter.
Multiplex Immunoassays
The circulating concentrations of different inflammatory markers were quantified with a Luminex™ 200 platform (Luminex, Austin, TX, USA) using microsphere-based multiplexing technology. The human immunoassay kit (Millipore Iberica, Madrid, Spain), encompassing analyte-specific components for the measurement of E-selectin, intercellular adhesion molecule 1 (ICAM-1), IL-6, plasminogen activator inhibitor-1 (PAI-1), vascular cell adhesion protein-1 and TNF-α, was used in the study. The standard curve was calculated using fiveparameter-curve fitting, and results were analyzed using the Luminex IS™ 2.3 software (Luminex). Intraassay precision ranged from 4.5% to 12.3%, whereas interassay precision was <16.3%. Calibrators, controls and samples were run in duplicate throughout the study. (25) .
RNA Extraction and
Adipocyte Culture
Human stromovascular fraction cells (SVFCs) were isolated from omental adipose tissue from obese normoglycemic subjects as previously described (26 
μmol/L BRL49653 and 10 μg/mL insulin. After a 3-d induction period, cells were fed every 2 d with the same medium but without IBMX and BRL49653 supplementation for the remaining 7 d of adipocyte differentiation. Differentiated human omental adipocytes were serum-starved for 24 h and then treated with increasing concentrations of TNF-α (1, 10 and 100 ng/mL) (Sigma) for 24 h.
Statistical Analysis
Data are presented as mean ± standard error of the mean (SEM). Because of their nonnormal distribution, CRP concentrations were logarithmically transformed. The normal distribution of the other variables was adequate for the use of parametric tests. Differences between groups were assessed by one-way ANOVA followed by Tukey post hoc tests and two-tailed paired t tests as appropriate. Differences between groups adjusted for age were analyzed by analysis of covariance (ANCOVA). Pearson correlation coefficients (r) were used to analyze the association between variables. The calculations were performed using the SPSS/Windows version 15.0 statistical package (SPSS, Chicago, IL, USA). A P value <0.05 was considered statistically significant.
All supplementary materials are available online at www.molmed.org.
RESULTS
Increased Circulating Calprotectin Levels in Human Obesity and ObesityAssociated T2D Decrease After Weight Loss
The biochemical and hormonal characteristics of the subjects included in the study are shown in Table 1 . Patients from both obese groups were anthropometrically similar between them exhibiting significantly higher (P < 0.01) BMI, BF, waist circumference and WHR compared to the LN volunteers. As expected, the high BF values were accompanied by hypoadiponectinemia (P < 0.05) and hyperleptinemia (P < 0.01) together with reduced circulating concentrations of HDL cholesterol (P < 0.05). Obese patients with T2D exhibited a lower insulin sensitivity than both LN and obese NG individuals, as evidenced by the increased glucose concentrations in the fasting state (P < 0.01) and 2 h after an OGTT (P < 0.01) as well as the higher HOMA (P < 0.01) and lower QUICKI (P < 0.01) indices.
Significant differences in circulating calprotectin concentrations between the three experimental groups were observed (P < 0.001), being significantly increased in both obese groups compared to LN subjects ( Figure 1A ). Because the obese T2D group was significantly older, an ANCOVA with age as a covariable was performed to investigate the effect of age on plasma calprotectin levels. We observed similar results, with calprotectin levels being significantly increased (P < 0.001) in both obese NG and T2D patients compared to LN subjects. In this regard, plasma calprotectin levels were positively associated (P < 0.05) with BMI, BF, waist circumference and WHR as well as with leptin and fasting insulin concentrations, while being negatively correlated with the QUICKI index ( Table 2) . Because calprotectin constitutes a ligand of sRAGE, the circulating concentrations of sRAGE were also measured. We found that concentrations of sRAGE were significantly lower (P < 0.001) in both obese groups compared to LN volunteers ( Figure 1B ). These differences were maintained (P < 0.001) after age adjustment. Noteworthy, a statistically significant inverse correlation between circulating levels of sRAGE and calprotectin (r = -0.35; P = 0.013) was found. Moreover, sRAGE concentrations were negatively correlated (P < 0.01) with BMI, BF, waist circumference and WHR as well as with leptin and fasting glucose and insulin concentrations. A positive association (P < 0.0001) was found between sRAGE and the QUICKI index (Table 2) .
Once the association between calprotectin and its receptor with variables indicative of obesity and inflammation was established, we further analyzed D 1 7 ( 1 1 -1 2 ) 1 1 5 7 -1 1 6 7 , N After an average postsurgical period of 13 months from the RYGB, patients experienced a significant decrease (P < 0.0001) in body weight, BMI, BF and waist circumference as well as a significant improvement in the presurgery glycemia (P = 0.006), insulinemia (P = 0.047), HOMA (P = 0.007) and QUICKI (P < 0.0001) indices (Supplementary Table 2 ). Of note, our data show that weight loss after RYGB was accompanied by a statistically significant reduction (P < 0.01) in the circulating concentrations of calprotectin in both NG and T2D obese patients (Figure 1C) . The improvement in weight control achieved by bariatric surgery also resulted in a modest increase of sRAGE levels in both obese groups, although the differences fell out of statistical significance ( Figure 1D ). Interestingly, the differences in calprotectin concentrations were positively correlated with the differences in the WHR (r = 0.88; P = 0.004) as well as with the differences in the concentrations of the inflammatory markers CRP (r = 0.93; P = 0.044) and von Willebrand factor (r = 0.98; P = 0.038).
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Calprotectin Gene Expression Levels in VAT Are Increased in Obesity and
Obesity-Associated T2D To gain more insight into the molecular mechanism involved in the increased circulating calprotectin concentrations observed in obese individuals, we further explored in VAT the gene expression levels of calprotectin in these pathophysiological conditions. Real-time PCR analysis indicated that S100A8 mRNA expression levels in VAT were significantly higher in obese patients with T2D than in both LN (P < 0.001) and obese NG volunteers (P = 0.003) (Figure 2A ). S100A9 mRNA expression in VAT followed a similar trend, being significantly increased in obese T2D patients (P = 0.037) compared to the LN group, but no statistically significant differences were detected compared to the obese NG subjects ( Figure 2B) . A positive correlation between S100A8 and S100A9 gene expression in VAT was found (r = 0.60; P < 0.001). However, no significant correlation of circulating calprotectin with either S100A8 mRNA (P=0.220) or S100A9 mRNA (P = 0.166) expression levels in D 1 7 ( 1 1 -1 2 ) 1 1 5 7 -1 1 6 7 , N VAT was observed in the common samples of both studies (n = 39). An increased macrophage infiltration in adipose tissue of obese patients (especially those with a high BMI) such as the patients included in this study is a wellestablished feature. To identify which cell type preferentially contributed to the observed calprotectin levels, adipocytes and SVFCs were isolated from VAT samples obtained from 15 morbidly obese patients and the expression of S100A8 and S100A9 was determined. Although S100A8 and S100A9 expression was evident in the mature adipocytes, gene expression levels were mainly detected in SVFCs (P < 0.001) (Figures 2C, D) .
R E S E A R C H A R T I C L E M O L M E
Calprotectin Gene Expression Levels in VAT in Relation to Macrophages
Because macrophages represent a relevant cell type source in proinflammatory cytokine production and release and both S100A8 and S100A9 were mainly expressed in SVFCs, the macrophagespecific marker CD68 was used to evaluate the impact of resident macrophages to the overall expression of S100A8 and S100A9 in the SVFCs of adipose tissue. As expected, the mRNA of CD68 was upregulated in VAT of obese NG individuals compared to LN volunteers (P = 0.010), being further increased in obese T2D patients (P = 0.003) ( Figure 3A) . A positive association between both S100A8 (r = 0.62; P < 0.001) and S100A9 (r = 0.62; P < 0.001) with CD68 mRNA levels was also detected (Table 3) .
We also evaluated the gene expression levels of CD11B, since a rapid increase of this antigen in the surface of monocytes after its stimulation with S100A8 or S100A9 was observed. We showed that mRNA expression levels of CD11B in VAT were significantly upregulated (P = 0.030) in both obese NG and T2D patients compared to LN volunteers ( Figure 3B ). Furthermore, a significant positive association between gene expression levels of S100A8 (r = 0.56; P = 0.003) and S100A9 (r = 0.51; P = 0.006) with CD11B was observed (Table 3) . We analyzed the mRNA levels of MCP1, a monocyte chemotactic protein that plays an important role in the recruitment of monocytes to adipose tissue, finding a significant upregulation (P = 0.004) in T2D obese patients compared to LN volunteers, together with a positive correlation with S100A8 and S100A9 mRNA levels ( Figure 3C , Table 3 ).
Given that the calprotectin subunits are particularly susceptible to oxidative modification, we next investigated the role of NOX2, a catalytic subunit of the macrophage NADPH oxidase (27) , in obesity and obesity-associated T2D as well as the association with both S100A subunits. The expression levels of NOX2 in VAT were significantly increased (P = 0.007) in T2D patients compared with LN and obese NG volunteers ( Figure 3D ). Moreover, a highly significant association (P < 0.001) between gene expression levels of NOX2 and both calprotectin subunits (Table 3 ) was observed.
Circulating and mRNA Adipose Calprotectin Levels Correlate with Chronic Low-Grade ObesityAssociated Inflammation: Role of TNF-α in the Gene Expression Levels of S100A in Human Adipocytes
Circulating concentrations of calprotectin were positively correlated (P < 0.01) with the inflammatory and prothrombotic markers leptin, CRP, PAI-1 and fibrinogen (Table 2) . We also found a significant negative correlation between sRAGE levels and leptin, CRP, IL-6, PAI-1, fibrinogen and TNF-α concentrations as well as a positive association with adiponectin levels (Table 2) . Analogously, S100A8 and S100A9 gene expression levels in VAT were positively associated (P < 0.01) with the inflammatory markers IL-6, E-selectin and ICAM-1 (Table 3 ). D 1 7 ( 1 1 -1 2 ) 1 1 5 7 -1 1 6 7 , N Figure 2 . Analysis of the calprotectin subunits S100A8 and S100A9 in VAT. (A, B) Gene expression levels of S100A8 and S100A9 in VAT of LN, obese NG and obese T2D volunteers. Bars represent the mean ± SEM of the ratio between the gene expression to 18S rRNA. The expression level in LN subjects was assumed to be 1 (LN: n = 9; NG: n = 10; T2D: n = 10). Differences between groups were analyzed by one-way ANOVA followed by Tukey tests. *P < 0.05, **P < 0.01, versus LN, and †P < 0.05 versus NG. (C, D) Comparison of S100A8 and S100A9 gene expression in adipocytes and SVFCs isolated from VAT of obese patients. Bars represent the mean ± SEM of the ratio between the gene expression to 18S rRNA. The expression level in adipocytes was assumed to be 1 (adipocytes: n = 9; SVFCs: n = 11). Statistical differences were assessed by two-tailed unpaired Student t tests. ***P < 0.001 versus adipocytes.
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TNF-α is linked to the inflammatory response in obesity, and it is known to regulate the production of certain adipokines. We found that gene expression levels of the inflammatory marker TNFA in VAT were threefold higher in obese individuals than in LN volunteers, being further upregulated (P < 0.01) in T2D obese patients ( Figure 4A ).
In addition, a positive correlation of the TNFA gene expression with the mRNA levels of S100A8 and S100A9 was also found (P < 0.01) ( Table 3) . On the basis of the positive correlation of the S100A8 and S100A9 transcripts with TNFA, to establish a causative link between them, the effect of TNF-α on S100A8 and S100A9 expression in human adipocytes was examined. Cells were stimulated with increasing concentrations of TNF-α for 24 h. As shown in Figures 4B and C, TNF-α treatment significantly enhanced the mRNA levels of S100A8 (P < 0.05). We also detected an increased gene expression of S100A9, although the differences were not statistically significant.
DISCUSSION
It is now broadly accepted that obesity-associated low-grade chronic inflammation leads to the development of both insulin resistance and cardiovascular disease (28) . In this sense, the S100 proteins are reportedly involved in a large number of cellular functions such as inflammatory response, cell growth and differentiation, cytoskeleton rearrangement, immune response or energy metabolism (17) . The main findings in the present study are as follows: (i) the increased levels of calprotectin in obesity and obesityassociated T2D, which decrease after weight loss achieved by RYGB; (ii) the reduced levels of sRAGE in obesity and obesity-associated T2D as well as their inverse correlation with calprotectin concentrations; (iii) the elevated gene expression levels of the calprotectin subunits S100A8 and S100A9 in obesity, which are related to monocytemacrophage content in VAT; and (iv) the correlation of both circulating and mRNA adipose calprotectin levels with chronic low-grade obesity-associated inflammation, establishing a causative link with TNF-α.
Calprotectin has been recently described as a novel marker of obesity (3). In agreement with previous results (3, 29) , we showed an increase of calprotectin concentrations in both obesity and obesity-associated T2D. These data together with the strong positive association with anthropometric variables such as BMI, BF, waist circumference and WHR highlight the link between calprotectin and obesity. It would be interesting to evaluate the influence of hormonal or sexual factors on the circulating levels of calprotectin. However, at our institution, Figure 3 . Gene expression levels of CD68 (A), CD11B (B), MCP1 (C) and NOX2 (D) in VAT of LN, obese NG and obese T2D volunteers. Bars represent the mean ± SEM of the ratio between the gene expression to 18S rRNA. The expression level in LN subjects was assumed to be 1 (LN: n = 9; NG: n = 10; T2D: n = 10). Differences between groups were analyzed by one-way ANOVA followed by Tukey tests. *P < 0.05, **P < 0.01, versus LN, and † P < 0.05 versus NG. Table 3 . Univariate analysis of the correlations between mRNA expression levels of S100A8 and S100A9 in VAT with inflammatory markers. S100A8 mRNA S100A9 mRNA r P r P S100A8 as well as in all obesity specialized centers, the majority of morbidly obese subjects undergoing RYGB are females, and the relative percentage of males scheduled for RYGB is low. To avoid the potential additional confounding effect of gender differences, we designed the present study to assess the impact of calprotectin only in females undergoing RYGB. In this regard, it is also worthwhile to mention that no significant association was found between calprotectin levels and gender in a study including 139 subjects (30) .
Our study further provides evidence that both obese NG individuals and obese T2D patients exhibit lower circulating concentrations of sRAGE, a soluble form of the putative receptor of calprotectin. In this sense, it has been described that obese subjects showed lower levels of sRAGE than nonobese subjects (31) , but studies analyzing the relationship between obesity and sRAGE are scarce. Our data suggest that low levels of sRAGE may be another factor involved in the low-grade chronic inflammation associated with obesity. Recent studies have shown that plasma levels of sRAGE are downregulated in chronic hyperglycemia (32), with plasma sRAGE concentrations being decreased in patients with essential hypertension (33) . RAGE is an important pathogenetic factor in the development of long-term renal changes in T2D (34) , and the administration of sRAGE has been suggested to exert a protective effect against diabetic complications. In this sense, the progression of atherosclerosis in diabetic mice is inhibited by the competition of RAGE with its soluble form (35) . Of note, a negative correlation of sRAGE with fasting glucose and insulin as well as a positive association with the QUICKI index was found in the present study. In this regard, the low sRAGE concentrations may represent a risk factor for the development or progression of diabetic complications. Indeed, sRAGE has been proposed as an early and sensitive biomarker for the occurrence of accelerated atherosclerosis mediated by oxidative stress in diabetes mellitus (36) . These findings contrast with those of Nin et al. (37) , reporting higher plasma sRAGE levels in incident cardiovascular disease as well as an association with all-cause mortality in individuals with T1D. In this regard, it has to be stressed that the patients included in our obese T2D group do not have a long diabetes history (<2-3 years, as evidenced from their anamnesis and biochemical determinations leading to the current diagnosis). Undoubtedly, the duration and progression of the disease, as well as the individual's susceptibility together with the metabolic control achieved during the time course of the disease, are likely to exert a relevant impact on the circulating levels of sRAGE. In this context, a long diabetic history with poor diabetic control is likely to be associated with an increase in both circulating concentrations of the inflammatory cytokines and chemokines. The reduced sRAGE levels in our group of T2D patients with short duration of their disease suggests that sRAGE downregulation is an early event in the history of diabetes and is more related to metabolic control than to disease duration. In this sense, the median follow-up duration was 12.3 years in the study by Nin et al. (37) and 9.1 years in the study by Thomas et al. (38) , establishing duration of diabetes as one of the main independent determinants of sRAGE concentrations. The inverse correlation between circulating levels of calprotectin and sRAGE found in our study may be pointing to a plausible implication of calprotectin in a negative-feedback mechanism in the RAGE signaling pathway, which is in line with previous results regarding S100A12, another member of the S100 protein family (32) . Bariatric surgery is known to produce a marked weight loss and an improvement of the inflammatory state, specifically characterized by a decrease in several inflammatory mediators and an increase in the antiinflammatory marker adiponectin (39) . Our results show a reduction in calprotectin concentrations after weight loss achieved by RYGB, indicating an association with adipose tissue and weight loss, which is in accordance with the study by Nijhuis et al. (29) , although the specific bariatric surgery technique was not specified in that study. Of note, we observed a positive correlation between differences in D 1 7 ( 1 1 -1 2 ) 1 1 5 7 -1 1 6 7 , N Figure 4 . Effect of TNF-α on the expression of both calprotectin subunits S100A8 and S100A9 in human omental adipocytes. Gene expression levels of TNFA (A) in VAT of LN, obese NG and obese T2D volunteers. Bars represent the mean ± SEM of the ratio between the gene expression to 18S rRNA. The expression level in LN subjects was assumed to be 1 (LN: n = 9; NG: n = 10; T2D: n = 10). Differences between groups were analyzed by one-way ANOVA followed by Tukey tests. **P < 0.01 versus LN. Bar graphs show the effect of coincubation for 24 h of TNF-α with omental adipocytes on the transcript levels of S100A8 (B) and S100A9 (C). The gene expression levels in unstimulated cells was assumed to be 1. Values are the mean ± SEM (n = 6 per group). Differences between groups were analyzed by one-way ANOVA followed by Tukey tests. *P < 0.05 versus unstimulated cells.
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the calprotectin levels and changes in the WHR and concentrations of the inflammatory markers CRP and vWF in the patients undergoing RYGB. This result highlights the role of calprotectin in relation to chronic low-grade obesityassociated inflammation.
Because adipose tissue-derived adipokines play multiple roles in the body and can be considered as a link between obesity and the molecular events that lead to T2D development, we analyzed the gene expression levels of the calprotectin subunits S100A8 and S100A9 in VAT. To our knowledge, this is the first study describing elevated mRNA of both calprotectin subunits in VAT in human obesity-associated T2D. However, the lack of correlation between gene expression levels and the circulating concentrations of calprotectin suggests that in addition to VAT, a further source is contributing to the increased plasma calprotectin levels in obesity-associated T2D. In this sense, no evidence of dysregulation of mRNA levels of S100A8 in obese or T2D patients in skeletal muscle as well as no correlation with circulating calprotectin levels have been described (3) . To gain more insight into the source of production, we further analyzed the gene expression levels of S100A8/A9 in isolated adipocytes and SVFCs, finding a higher expression in the SVFCs. Moreover, no differences in mRNA levels between obese NG volunteers and obese patients with T2D were found in isolated adipocytes, thereby suggesting a more pronounced contribution of SVFC to the overall expression of calprotectin subunits in VAT. Obesity-associated inflammation is characterized by an infiltration of macrophages in adipose tissue, which is likely a direct response to the abnormal fat metabolism caused by the increased adiposity. Because mRNA levels of S100A8/A9 and CD68 were positively correlated, S100A8/A9 expression levels may reflect the degree of VAT macrophage infiltration. It has been shown that calprotectin may participate in inflammation by enhancing CD11B expression in human monocytes and by participating in the transendothelial migration mechanism (40) . Thus, calprotectin substantially contributes to the recruitment of monocytes to an inflammatory site. In this sense, it has been shown that circulating monocytes of T1D patients display increased CD11B and CD18 surface expression (2) . Interestingly, we found an upregulation of CD11B in VAT of obese patients with T2D compared with LN volunteers. Moreover, a positive association between the gene expression levels of S100A8 and S100A9 with CD11B was also found. Taken together, these findings suggest that the presence of S100A8/A9 in inflamed VAT may be favoring the macrophage-monocyte migration and recruitment to inflammatory sites contributing to the obesity-associated lowgrade chronic inflammation. It has been described that an increase in MCP1 expression in adipose tissue contributes to macrophage infiltration into this tissue and insulin resistance development (41) . In this regard, an association of both calprotectin subunits with circulating MCP-1 was detected in our study. It has been proposed that the inactivation of the chemotactic activity of S100A8 by hypochlorite oxidation may provide a mechanism for limiting excess accumulation of leukocytes and terminating the progression of acute inflammation (42) . In this sense, a putative role for calprotectin as a chemotactic factor might be put forward.
A hallmark of S100/calgranulin polypeptides is their association with chronic inflammation, such as human inflammatory bowel diseases (43) . A positive association of calprotectin with CRP, IL-6, PAI-1 and TNF-α, well-established markers of chronic inflammation, was observed in the present study. Moreover, gene expression levels were positively correlated with IL-6, E-selectin and ICAM-1. Our findings in relation to inflammation are in line with previous reports where IL-6 infusion was found to induce mRNA expression of both S100A8 and S100A9 in skeletal muscle tissue (44) . Calprotectin was also found to be associated with CRP (45, 46) as well as with other acute-phase proteins such as fibrinogen and α1-antitrypsin (45, 47) . Increased oxidative stress in adipocytes causes dysregulated expression of adipokines, representing one of the causes of inflammatory changes in adipose tissue (48) . Because S100A8 and S100A9 were proposed as regulators of the macrophage subunit NOX2 of the NADPH oxidase (49), we analyzed mRNA NOX2 levels in VAT, finding an upregulation in obese patients with T2D compared to LN and obese NG volunteers. In addition, a positive correlation of NOX2 with both calprotectin subunits was found. These findings further suggest a role for calprotectin in VAT inflammation through NOX2, increasing the generation of radical oxygen species.
A positive correlation between the mRNA levels of both S100A subunits with that of TNFA in VAT was also observed. In addition, our in vitro studies showed an induction of the S100A8 expression levels in human adipocyte culture upon stimulation with the cytokine TNF-α. In mice, TNF-α (14) and IL-1 (13) induced S100A8 and S100A9 expression in endothelial cells and macrophages. Taken together, these findings point to calprotectin's implication in the development of insulin resistance via either direct or indirect effects on inflammation. In addition to its function as an inflammatory factor, murine S100A8 may also have antiinflammatory activity, depending on its extracellular concentration and circumstance of release (42) . Most biological functions relevant to inflammation require the release of calprotectin into the extracellular space and the interaction with one or several signaling components. Although calprotectin interacts with RAGE, the role of this interaction is not clearly understood. In rheumatoid arthritis, calprotectin was shown to interact with RAGE, amplifying the proinflammatory cytokine production by macrophages via the activation of nuclear factor (NF)-κB and p38 mitogen-activated protein kinase (MAPK) (50) . RAGE levels have been found to be decreased in chronic inflammatory diseases including atherosclerosis, diabetes, renal failure and aging. Regarding inflammation, a negative correlation between sRAGE and CRP, IL-6, PAI-1 and TNF-α together with a positive association with adiponectin was shown in the present study. Interestingly, serum sRAGE levels in rheumatoid arthritis patients were negatively associated with serum levels of CRP (51) . It was also recently described that increased serum CRP together with reduced concentrations of sRAGE appear to be due to elevated TNF-α levels (52) . In Il10 null mice, a murine model of colitis, no inflammation in rectosigmoid colon and a decrease in circulating concentrations of TNF-α were observed after treatment with sRAGE (53) . Thus, the association of plasma sRAGE with components of inflammatory pathways highlights the role of the soluble form of the receptor in modulation of inflammation, probably acting as a decoy and competing with RAGE for its ligands. In this sense, anti-RAGE strategies including sRAGE-like molecules were proposed in relation to inflammation (54) .
The increased levels of calprotectin in obesity and obesity-associated T2D together with its positive association with inflammatory markers as well as the higher expression levels in the stromovascular fraction in VAT suggests a role for this protein as a chemotactic factor in the recruitment of macrophages to VAT, increasing inflammation and the development of obesity-associated comorbidities.
